The last national study on individual food consumption confirmed that French consumers have a very low intake of omega 3 alpha-linolenic acid (ALA), as well as an inadequate balance between omega 6 and omega 3 fatty acids, that should be compensated with a more important intake in omega 3. Certain types of margarines and spreads offer the possibility to increase the intake in this nutriment, in particular margarines containing linseed oil. Their high content of ALA allows, on the basis of a daily consumption of 20 g, to counterbalance, partially or totally, the low intake in omega 3. However, these spreads require a quite particular attention in their development and their production, mostly because of the relative instability of the linseed oil in the oxidation process and the need to avoid developing of off tastes until the end of shelf life.
Introduction
Recommendations for French population on daily food intakes of fats, and especially of essential fatty acids like linolenic acid (omega 3 ALA), have been first published in 2001 and have been revised in 2011 by ANSES (French Agency for Food, Environmental and Occupational Health & Safety) . Recommended daily consumption of ALA for an adult was increased from 0.8% of total Energy intake to 1% (equivalent to 2.2 g per day for an adult with a 2000 kcal diet), due to positive observation regarding prevention of cardiovascular diseases, obesity and inflammatory disease.
In addition, we recall in this paper that several studies show intake of alpha-linolenic acid by French population remain insufficient. Developing foods with higher content of omega 3 is Correspondence: anne.renault@sthubert.fr a way to solve or reduce this deficiency and help consumers to improve their diet.
Spreads and margarines are significant contributors to unsaturated fatty acids intake and improvement of these products: adding oils rich in omega 3 like linseed oil is in the nutritional interest for French population.
Deficiency in omega 3 is clearly demonstrated in France
In 2001, a publication by Combe and Boué (Combe and Boué, 2001) based on a population from the west of France, shows that, if the average consumption of omega 6 (linoleic acid) is sufficient with regards to recommendations, quantities of omega 3 are very low and have to be multiplied at least by two (Combe and Boué, 2001 ). More recently, a study based on the INCA 2 individual food consumption French survey confirms that French population has insufficient intakes in omega 3 (Pasteau et al., 2015) .
The daily average intake in poly-unsaturated fatty acids omega 3 for French population is twice lower than the recommended contributions (Tab. 1) and in average, the lack in omega 3 (ALA) is about 1.2 g per day and adult.
This survey shows also that French people eat 10 times more omega 6 than omega 3 when the target considered by nutritionists and PNNS* is less than 5 times more.
Spreads and margarines with linseed oil
are rich in omega 3
Margarines composition
Composition of margarines significantly evolved during this last 20 years, with a parallel decrease of total fat and saturated fatty acids content and an increase of poly-unsaturated fatty acids. If margarines, from a regulatory point of view, do contain from 80 to 82% of fat, the current French market mostly offers light margarines or spreads, containing mostly 60% of fat or less (source FNCG 1 ). The consumer usually names all these products as margarines.
Refined linseed oil has been authorized since 2008 only in mixture in edible oils or spreads in France and even it is one of the 'best' oil to increase significantly omega 3 content -it contains in average 54 g ALA/100 g -only few margarins on French market contain linseed oil in their recipe.
Margarines with linseed oil present a real nutritional interest
Margarines containing linseed oil present noticeable amounts of omega 3, from 3 g to 7 g/100 g, depending on fat content of spread (Tab. 2). In all these products, linseed oil is mixed with other liquid oils and not used as the only source of polyunsaturated fatty acids.
Nearly all these margarins are rich in omega 3: more than 0.6 g/100 g and /100 kcal. Their consumption helps to improve daily intake in omega 3-ALA: with a portion of 20 g/day, the intake of omega 3-ALA is from 0.6 g to 1.4 g while the average deficiency is 1.2 g.
Significant intake of omega 3 is beneficial for the preservation of a good health, especially on cardiovascular health and EFSA authorized a specific claim related to this nutrient. ALA contributes to the maintenance of normal blood cholesterol levels (Reg UE 432/2012 , EFSA opinion 2009 7(9):1252 , 2011 9(6):2203) .
In addition, in relation with part of linseed oil in recipe and also composition of other oils, these products help to rebalance the ratio between omega 6 and omega 3 fatty acids (Tabs. 2 and 3).
Consumption of margarine with a low omega 6/omega 3 ratio automatically limits quantities of omega 6 for the same intake of omega 3 and allows coming closer to a ratio of 5 which is considered as better for health. The imbalance in this ratio leads to a physiological state propitious to the inflammatory state and to associated pathologies, like the cardiovascular diseases.
Nutritional interest of margarins with linseed oil are maintained when cooked
If consumption of margarins directly spread on bread is important, these products are also used for cooking food or making pastries. Therefore it's important to check the availability of omega 3 when used by consumers. As St Hubert, we have worked with ITERG and analysis have been conducted after different types of culinary preparations with a margarine rich in omega 3 containing linseed oil.
Results show that, with the considered recipe, more than 95% of omega 3 are preserved during cooking (Tab. 4).
Development of margarins with linseed oil
Addition of linseed oils in margarins requires attention on some parameters.
Quality of linseed oil
Production of margarines, due to presence of water and emulsion process, requires high quality oils in term of taste and stability, obtained, in particular, by an adapted refining process.
Refining of linseed oil must avoid the neoformation of unwanted components like trans fatty acids; they may appear due to a high content of poly unsaturated fatty acids, if temperature and time are too important. Tests have been conducted with different suppliers and processes in order to avoid significant quantities of these contaminants (cf., Tab. 6).
Fine tuning the refining processes is key to maintain nutritional interest of recipes with linseed oil and avoid a trans fatty acids content superior to 0.5 g/100 g in products.
Stability of linseed oils during storage
Stability in the oxidation process over time of the linseed oil is low, compared to rapeseed or sunflower oils (Fig. 1) , mainly due to high quantity of unsaturated fatty acids. Specific conditions to avoid early oxidation have to be taken during storage to obtain products with good organoleptic properties.
Conclusion
Developing the use of linseed oil in margarins is interesting from a nutritional point of view, mainly due to the high content of omega 3 ALA of linseed oil and the improved balance between omega 6 and omega 3 derived from the use of linseed oil. But its very high content in poly unsaturated fatty acid in linseed oil increases the risk concerning of oxidation and apparition of off-tastes, which has to be managed by precise requirements concerning all production process, from the refining to the storage of spreads tubs.
Spreadable fats with linseed oil are already present on the French market, they represent a good opportunity for consumers to rebalance their lipidic diet.
